As a mechanism to explain the adaptation of physiological systems to the physical and chemical constraints placed upon them, certain theoretical physiologists have made the assertion that "physiology is essentially a problem in maxima and minima." This statement implies that a physiological process is such that certain associated physical or chemical processes are minimized or maximized. Murray has taken this statement as a premise and postulated a principle of minimum work which he applies to the problem of blood flow 1 and the angle of branching of arteries. 2 This work, in addition to being formally in error by neglecting the gravitational effect on Poiseuille's law of capillary flowp has an inherent fallacy which arises from an improper use of reasoning by analogy. It is the purpose of this paper to point out certain features concerning the validity of minimal principles, and in particular to exhibit the fallacy which occurs in Murray's principle of minimum work.
(Accepted for publication, February 7, 1930) I As a mechanism to explain the adaptation of physiological systems to the physical and chemical constraints placed upon them, certain theoretical physiologists have made the assertion that "physiology is essentially a problem in maxima and minima." This statement implies that a physiological process is such that certain associated physical or chemical processes are minimized or maximized. Murray has taken this statement as a premise and postulated a principle of minimum work which he applies to the problem of blood flow 1 and the angle of branching of arteries. 2 This work, in addition to being formally in error by neglecting the gravitational effect on Poiseuille's law of capillary flowp has an inherent fallacy which arises from an improper use of reasoning by analogy. It is the purpose of this paper to point out certain features concerning the validity of minimal principles, and in particular to exhibit the fallacy which occurs in Murray's principle of minimum work.
II
In order to clarify just what is meant by a minimal principle, the necessary consequences of one will be stated. If it is asserted that a physiological process, Y, is such that a certain part of Y, say X, is a minimum, where X is contained in Y, it is meant that by simply imposing the requirement on X that it shall be a minimum, the complete configuration Y is deduced as a logical consequence. A concrete illustration is: If the hydrodynamical process of blood flow is considered, and 'if the assertion is made that the flow is such that the energy lost 617 in heat is a minimum, then by this restriction it must follow that the differential equations of flow are given as a logical consequence of minimizing the energy lost in heat, and that the flow is uniquely determined.
III

Formal Aspects of Minimal Principles
The problem of physiology or of any natural science which may be described to a high degree of approximation by assigning numbers to the independent variables over which it is assumed we have control, and observing and thus determining the numbers which are assigned to the dependent variables by the process in hand, is expressible analytically as follows:
A system of differential equations having all the variables and their derivatives present exists which completely describes the state of the process under consideration for any values of the independent variables. This is:
If we exclude processes which go on at a constant rate, a sub-process X contained in Y which gives (1) as a consequence when minimized will be of the form:
wherefis, say, a function of the energies of the system and t is the time. For example: Equation (2) might be the energy lost in heat in the interval tl <_ t_< t, in the flow of blood. If Murray's assertion is true that the blood flow is such that the energy lost in heat is a minimum, then by minimizing (2) the equations of flow (1) must be a necessary consequence. This is what is known as the ordinary problem in the Calculus of Variations.
IV
The only justification for the postulation of the principle of minimum work is the reasoning by analogy with certain ideal physical systems. In order to show the actual steps of this method of reason-ing it is perhaps well to state explicitly its import. If A has a set of properties, m, and X has a set, n, of these m properties, then the probability that X is A is the greater the nearer n and m approach equality. ~ If a single property of X and A are in contradiction, then the analogy is destroyed. It is well known that the equations of state of conservative dynamical systems are given by a minimal principle, the principle of Least Action. 5 The flow of blood, however, is dissipative, not conservative.* Hence the analogy is destroyed. Further than this, the author has shown in a paper soon to be published that, in general, the equations of state of a physical system are given by a variational principle (imposing a minimal or maximal requirement on some integral of a function of the energies of the system) if, and only if, the system is conservative) The fallacy of the principle of minimum work as applied to the problem of blood flow is now apparent. Other applications of minimal principles to physiological systems should be made only after the most careful examination of the properties of the system under consideration and should not depend for their validity upon the improper use of the method of reasoning by analogy, and thus arrive at a theory which is incompatible with physical laws.
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